Abstract-The double integral sliding mode synchronization method is studied for a class of super chaotic systems. Both the unknown parameters and uncertain nonlinear functions are considered for the driven and response chaotic systems. It is worthy pointing out that a kind of input nonlinearity is taken into consideration when the synchronization controller is designed. The uncertainties are very complex in this situation and the steady state error can be compensated by the introducing of integrator in the sliding mode design. Also, the double integral sliding mode method has both the advantages of PI controller and sliding mode controller. So it is a new kind of integral sliding mode construction method and the numerical simulation proves the rightness of the proposed method.
I. INTRODUCTION
Chaos systems [1] [2] [3] have complex dynamical behaviors that possess some special features such as being extremely sensitive to tiny variations of initial conditions, and having bounded trajectories with a positive leading Lyapunov exponent and so on. Chaos control [4, 5] and chaos synchronization are two main problems of chaotic system research. In recent years, chaos synchronization has been attracted increasingly attentions due to their potential applications in the fields of secure communications.
The uncertainty [6, 7] is the main difficulty of chaotic system synchronization and synchronization of chaos systems with unknown parameters [8, 9] is investigated widely by researchers from various fields. In fact, input uncertainties usually exist in actual control systems, but the situations of chaos systems with input uncertainties are neglected in most papers.
There are adaptive method [10, 11] , neural network method [12] [13] [14] [15] , robust method [16] [17] [18] [19] [20] [21] , output feedback [22, 23, 24] , linear feedback [25, 26] , PI control [27] and sliding mode method [28, 29] to solve uncertainties of nonlinear system in control theory. For chaotic systems, researches are mainly focused on uncertain function [30] , unknown parameters [31] and unknown control directions [32] [33] [34] [35] . It is well known that, it is more difficult to estimate the unknown parameters exactly than to achieve synchronization. The estimation of unknown parameters often couldn't converge to its real value in many simulations. It is a difficult problem that is often neglected by many researchers unconsciously or on purpose, and some researchers intended to find the answer for this question. But obviously the problem hasn't been solved successfully until now. In this paper, since we consider a chaotic system with uncertain functions and input nonlinearity, so we do not consider the parameter estimation problem, because it is impossible to estimate all these unknown parameters with all above uncertainties. It can make a conclude that the unknown parameters can't be estimated in some situation according to some researchers' paper. So we just discuss how to improve the synchronization accuracy under all above uncertain conditions. Robust control and adaptive control of nonlinear systems with linear input uncertainties has been researched widely and many good results are achieved. But those methods can not be used for systems with nonlinear input uncertainty even with some transformation and improvements.
The adaptive stabilization problem is researched by Kuo-Ming Chang [1] , and a kind of fan-shaped nonlinearity is studied for unit chaotic systems with disturbance. The merit is that it built the relationship between fan-shaped nonlinearity with super stability theorem. But only the stabilization problem is studied and also the uncertainties considered are very simple.
Her-Terng Yau [2] proposed a PI sliding mode synchronization theorem for three kinds of chaotic systems （ Lorenz-Chen, Chen-Liu and Liu-Lorenz ） with input nonlinearities based on Lyapunov stability theorem. But only the ideal chaotic system without uncertainties is synchronized and other situations such as parameters uncertainties or unknown nonlinear functions are not considered.
Tsung-Ying [3] designed an adaptive sliding mode controller for unit chaotic system with dead zoom. The Lyapunov stability theorem and PI type sliding mode are introduced in the design so both advantages of the two methods are integrated. The existence of nonlinear function is studied and the bound of uncertainties are assumed to be linear. A PI type sliding mode is constructed and the stability is analyzed. Based on that, a type of double integral sliding mode is proposed in this paper and choose of Hurwitz parameters guaranteed the stability of the sliding mode. The dead zoom nonlinearity considered in [1] is a special nonlinearity. In this paper, a more general nonlinear situation of input nonlinearity is considered.
The paper is organized as followed. In Section 2, the system model of our research is proposed. In Section 3, main assumptions are given. In section 4, a double integral synchronization controller is designed for the chaos systems and synchronization is achieved. In section 5, the numerical simulation is done to verify the conclusions of this paper. In section 6, the conclusions are given and the future work is pointed out.
II. PROBLEM DESCRIPTION
Consider the below driven system and response system, where both the driven system and response system contains unknown parameters and uncertain nonlinear function. The structure of driven system is different from response system.
Without loss of generality, assume the dimension of driven system is higher than its response system and assume the dimension of response system is N and the dimension of driven system is N+R, so it can be written as follows:
For driven system, it holds
Where θ is unknown parameter, Δ is uncertain nonlinear functions and ( ) b u is uncertain nonlinear input function, ( ) d t is outer disturbance. Take a three order response system and four-order driven system as an example; it can be expanded as follows:
For the driven system, it has 
For the else R dimension system it has:
For the response system, it has 
Solve the derivative of the sliding mode, it holds: 
. (23) Consider that:
(24) Then it holds:
Also it can be written as: 
So it can be arranged as: Figure  4 shows the tracking effect of state x1 and y1 without control. X1 is the state of driven system; y1 is the state of response system. So the synchronization cannot be realized without control. Figure 5 shows the tracking effect of state x2 and y2 without control. X2 is the state of driven system; y2 is the state of response system. X2 can not track with y2 without control. Figure 6 shows the tracking effect of state x3 and y3 without control. x3 is the state of driven system, y3 is the state of response system. x3 can not track with y3 without control. Figure 7 shows the synchronization of x1 and y1. With the control law, the state y1 can follow the change of x1, the synchronization error is small. Figure 8 shows the synchronization of state x2 and y2. With the synchronization law, the response system state can follow the driven system state.
Figure9 shows the synchronization of x3 and y3, and there exists chattering problem, but the synchronization error is very small. Below figure 10 to figure 12 shows the synchronization error e1, e2 and e3.
VI. CONCLUSIONS
Above all, the conclusion can be made as follows: with the proposed method of this paper, the synchronization of driven system and response system with unknown parameters and input nonlinearities can be fulfilled successfully. And the quickness of synchronization is satisfactory. But there exists synchronization errors with the double integral sliding mode method. So how to reduce the static state error and improve the synchronization accuracy is our future research target.
